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(Under the Direction of Taiseer Sulaiman) 
 Purpose: The purpose of this in vitro study was to evaluate the effect of toothpaste related 
abrasion on color stability and gloss retention of extrinsically stained ceramics.  Currently there 
is insufficient literature that evaluates the effects of toothpaste abrasion on the long term 
esthetics of extrinsically stained monolithic zirconia restorations. 
 Materials and Methods: Monolithic Zirconia Partially Stabilized (PSZ), Monolithic 
Zirconia Fully Stabilized (FSZ), Monolithic Lithium Disilicate (CAD) and Feldspathic Porcelain 
were evaluated. For each material, 12 specimens of 10mm diameter x 1.2 height were fabricated. 
All specimens were stained and glazed according to manufacturer’s instructions and brushed 
using a simulation tooth brushing machine (ZM 3.12, Mechatronic, Germany). The color 
stability (ΔE) and gloss will be examined at baseline, 0.5, 1, 3 and 6 years of simulated tooth 
brushing with the aid of an ISO standard spectrophotometer (X-rite Ci 7600). 
Results: Significant differences in color stability were found after 5 years with both types 
of toothpaste (P <.0001), all ceramic materials observed presented statistically significant 
differences after 3 years (P 0.0007) and 5 years (P <0.0001). Glassy ceramics were significantly 
more affected than zirconia ceramics (P < .0001). There was a statistical significant difference in 
gloss retention after 6 months (0.5 cycle).  
Conclusion: Long-term color stability and gloss retention of extrinsically stained 
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 The use and development of contemporary ceramic materials in restorative dentistry has 
exponentially improved the physical appearance of indirect fixed restorations. The optical and 
esthetic properties, ease of fabrication and durability of these materials allow clinicians to restore 
form and function while optimizing optimal esthetics. (1) 
 Natural dentition is comprised of multiple complex layers of colors influenced by hue, 
chroma, value and translucency and many other optical properties. This complexity presents 
challenges when the goal is to mimic natural dentition. Imitating natural tooth structure requires 
more than a single shade of a ceramic material. Traditional fabrication of ceramic restorations 
required the addition of multiple ceramic layers in order to achieve this complex task. Modern 
fabrication of ceramic restorations involves milling technology that manufactures the final 
product from a block or puck of a ceramic material. (2)  This modern method, relies on metal-
oxide stains and application of glazes to aid in the extrinsic characterization of the ceramic 
restorations.  Many of these techniques lack long term evidence based literature to support their 
color stability while in function.  
 All ceramic restorative materials are classified into three main classes: (1) predominantly 
glass materials such as feldspathic porcelain, (2) particle-filled glass materials such as leucite 
reinforced glass matrix, and (3) poly-crystalline ceramics such as yttria-stabilized zirconia. 
Conventional manufacturing process include sintering, pressing and milling (CAM). (1) 
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Computer aided techniques have greatly improved the access and reproducibility of ceramic  
restorations. 
 The process of external staining and glazing is executed through applying a thin layer of 
stain by a brush to the outer most layer of the ceramic restoration. When exposed to the oral 
environment and mechanical loading, this thin layer of stain eventually may wear off 
endangering the color stability of the restoration.  The result is a decrease in the esthetic life span 
of the latter.  
 Multiple studies have documented the process of tooth brushing and their related adverse 
effects on color stability of externally stained feldspathic porcelain-fused-to-metal restorations. 
(3–5)  A recent study by Garza et al. found that the shade of IPS Empress Esthetic (reinforced 
glass) was not influenced by 12 years of stimulated brushing. Meanwhile IPS e.max (lithium 
disilicate glass) was adversely influenced under the same stimulation, depending on the staining 
technique. (6) 
 Monolithic Zirconia restorations (poly-crystalline ceramics) are arguably among the most 
used ceramic restorations in present-day dentistry.  Although this ceramic material has been 
classified as a semi-translucent ceramic (7), it still heavily relies upon staining techniques and 
glazes to enhance its optical properties in efforts to mimic the natural dentition. Monolithic 
zirconia can be further classified based on its degree of stabilization; partially stabilized zirconia 
(PSZ) and fully stabilized zirconia (FSZ). PSZ has an yttrium content of no more than 4% by 
volume.  
 An effort to enhance the optical properties of monolithic zirconia, higher yttrium 
concentration (8% - 12% by volume) has been introduced increasing zirconia cubic phase and 




  One method is to incorporate metal oxides into the zirconia powders prior to pressing or 
with the use of metal salts containing solutions, which are applied to the surface when the 
zirconia is in its pre sintered stage through infiltration. Another method is to apply metal oxides 
for characterization and glaze in the post sintered stage. Due to the crystallographic differences 
between the two types, it is assumed that the uptake of staining may differ. This characteristic is 
among those to be determined in this project.  
 Because of the current improvement in their translucency properties, monolithic zirconia 
restorations are one of the most popular systems used today, especially in the anterior segment or 
so called esthetic zone. Nevertheless, since its optical properties mainly rely upon staining and 
glazing, it is crucial that these properties remain stable through their years of service under a 
harsh oral environment and presence of abrasive factors. Today’s toothpaste widely differs in 
their abrasiveness. Whitening toothpaste containing pyrophosphates can be very abrasive, which 
may be a particular concern regarding the durability of ceramic stains and glazes. Therefore, the 
purpose of this study is to determine and compare the effect of tooth brushing, using different 
Relative Dentin Abrasivity (RDA) tooth paste, on the color stability and gloss retention of 
monolithic zirconia restorations of different stability compared to other ceramics.  
 
2. Literature Review 
 
2.1 History of Dental Ceramics 
 
Ceramic materials are inorganic, nonmetallic hard substances that resist heat and corrosion. 
They can be further defined as solid objects that are made by man, obtained from baking raw 
 
4 
minerals at high temperatures. The word ceramic comes from the Greek word “keramos” or 
pottery. The root meaning is associated with “burnt stuff”. (8) 
Ceramics were highly popular and considered a luxury in the early 1600’s. The methods of 
obtaining the raw material and the technology to convert the raw material into useful objects 
was first discovered in Asia. They were heavily exported from China to all over the world. 
Mainly used in pottery or stoneware the method consisted of crushed impure clay, sand and 
feldspar minerals with the addition of water to mold into different shapes. The objects were then 
dried out and baked at high temperatures on an oven known as kiln. The heat merged all 
particles into a solid mass. This process is today referred as sintering. Although recognized as a 
well-known good at that time, they did not reach to be a dental material until its later discovery 
in Europe.  
Ceramics were introduced into the dental world on 1744 by Alexis Duchateau, a pharmacist 
that noticed his ceramic instruments were not damaged by the chemicals he used, he observed 
the material resisted abrasion and maintained its color. This led him to the investigate the idea 
of replacing his ivory dentures with ceramic material. 
Duchateau sought help from Parisian dentist Nicholas Dubois de Chemant to work with 
porcelain formulations and later on fabricate the first porcelain denture. De Chemant then 
traveled to England where he and Josiah Wedgewood perfected the formula and improved 
porcelain translucency by adding a feldspathic rich component.  
It was not until 1808 when Giuseppangelo Fonzi applied de Chemant’s knowledge to fire 
individual denture teeth attached to a platinum pin. Platinum was used because of the similar 
coefficient of thermal contraction (CTC) to the porcelain, which allowed the porcelain to cool 
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without material fracture.  Fonzi’s discovery would later allow these porcelain teeth to be 
attached to metal frameworks to easily fabricate partial dentures. (1) 
Ceramics were then slowly introduced into dentistry. It was Henry Charles Land who 
introduced the first all ceramic crown in 1903. (9) However, early on the use of porcelain lost 
popularity due to the low fracture toughness of the material and the introduction of acrylic resin. 
While still providing the highest translucency, feldspathic porcelain used in the mouth was 
known to have great fragility. This lead to the development of metal-ceramic restorations. It was 
until 1962 when Weinstein-Katz-Weinstein developed a new crystalline component called 
leucite, which consisted of a reaction product of potassium feldspar and glass. This component 
allowed the porcelain to be fired on dental casting alloys, which permitted the fabrication of 
metal-ceramic restorations.  Dental alloys have thermal coefficient expansion of 12 to 14 (x10-
6/C), the porcelains have 12 to 25 mass% of leucite content.(10) This type of restorations greatly 
overcame previously encountered problems, they permitted greater and much predictable 
strength with reasonable esthetics. Today metal ceramic restorations are still considered the gold 
standard. (9) 
Metal-ceramic restorations minimized porcelain fragility, however they still had low esthetic 
potential. The metal acts as a barrier in the transmission of light, which gives the restoration and 
opaque look and had the potential disadvantage of darkening the cervical area (Raigrodski, 
2004).(11) With the increase of the public becoming more aware of esthetics, bigger demands for 
nonmetallic and biocompatible materials were created. Not only was this growing among 
patients, but also among clinicians. In 1965 McLean and Hughes incorporated Alumina to 
feldspathic and greatly improved by increasing flexural strength and baking temperature, 
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however the technique was very sensitive and marginal fit did not meet metal-ceramic 
restorations criteria. (9) 
A main problem of porcelains was shrinkage. By mid 1980’s all dental ceramics were 
comprised of powders, or clay and powder. These powders had a volume of fraction porosity 
over 30% in the greenware state and 0% when they were finished. To overcome the shrinkage 
seven different approaches to fabricate all ceramic crowns were used from the mid 1980’s to the 
late 1990’s. (1) 
 
1. Press ceramic powder and polymer binder through a lost wax technique and then 
crystallized during a firing cycle (Cerestore; Johnson and Johnson, NJ, USA) 
2. Casting of a special glass through a lost wax technique and heat-treating it to form 
crystals within the glass (DICOR; Dentsply International, York, PA, USA) 
3. Sintered aluminum oxide, magnesium aluminate spinel and zirconia/alumina followed 
by infiltrating glass (In-Ceram; Vita Zahnfabrik, Bad Sackingen, Germany) 
4. Pressing ingots of leucite or lithium disilicate with a lost wax technique (Empress; 
Ivoclar Vivadent, Schaan, Liechtesntein) 
5. CAM from solid full dense blocks (CEREC; Sirona, Bensheim, Germany) 
6. CAM of an oversized die, pressing alumina powder and then sintering to final size 
(Procera; Nobel Biocare, Zurich, Switzerland) 
7. CAM of oversized parts from lightly sintered blocks of zirconia and alumina and 




Attention was turned to another material by the name of zirconia. It was introduced into the 
medical field in the late 1960’s, however it was not used in the dental industry until 1990. 
Lithium disilicate was introduced in 1998 as IPS Empress 2 as an alternative for IPS Empress 
(leucite reinforced glass ceramic) to increase the material’s strength. In 2005 IPS e.max Press 
was introduced as an improved press-ceramic material. The translucency and physical 
properties were improved through a different firing process. 
The success of the ceramic system is dependent upon prevention of failure by retarding crack 
propagation. Even though numerous systems have been introduced and improved, there are still 
weak testing parameters that can accurately predict clinical performance. (1) All- ceramic 
systems that are commonly used today will keep increasing the data available and provide 
future guidance to the clinician to better justify the rationale in material selection and optimal 
clinical function. (2,12) 
2.2  Classification of Dental Ceramics 
 
Dental ceramics can be classified according to their different characteristics. Most commonly 
they are classified according to their structure and fabrication technique. Rosenblum described 
the following classification based on their fabrication method: conventional (powder), castable, 
machinable, pressable, infiltrated. (9)  
- Conventional (powder): powder and water creates a slurry product that can be build up in 
layers to form desired shapes. Powders are available in different shades and translucencies. 
- Castable: solid ceramic ingots that are used with a lost wax and centrifugal casting technique. 




- Machinable: solid ceramic ingots that are available in various shades. Designed and fabricated 
with computers. 
- Pressable: solid ceramic ingots that are melted at high temperatures and then pressed to a 
mold with the lost wax technique. May be used as a substructure or full contour 
restoration. 
- Infiltrated: powder forms a porous substrate that will be infiltrated with glass. 
Subsequently veneered with feldspathic porcelain.  
 
Kelly described them based on their structure into three different categories: predominantly 
glassy materials, particle filled glasses and polycrystalline ceramics. Predominantly glassy 
materials are associated with more esthetic properties, white stronger ceramics used for 
substructures are associated with higher crystalline content. (1) 
2.2.1 Predominantly glassy ceramics 
 
These materials are known for having the best optical properties to mimic enamel and 
dentin. They originate from feldspar (mined minerals) and are based on silicon oxide and 
aluminum oxide. Feldspathic porcelains are resistant to crystallization during firing. Modifying 
their chemical structure (adding sodium and potassium) can alter properties of the glass, e.g. by 
decreasing firing temperatures or increasing thermal expansion or contraction behavior. Their 
clinical performance improves when used fused to a higher strength material (metal or ceramic). 
2.2.2 Particle filled glasses 
 
Particle filled glasses are thought of as composite materials. They are made of a base 
glass and a filler. They can be organized by what type of particles create their filler, how much 
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filler they contain, the reason for the addition of the particles and the way the particles were 
added. The fillers are known to be composed of crystalline materials but may also have particles 
of higher melting glass.  
The purpose of a filler that is added to the base glass is to enhance the ceramic’s mechanical 
properties and modify optical properties such as opalescence and color. Leucite was the first 
filler to be used in dental ceramic (1962). The main reason why leucite was used as a dental 
filler was because of the improved (high) thermal expansion and contraction coefficient, 
allowing the material to be fired with metal. Leucite is also known to have a similar index of 
refraction to feldspathic, which is critical in order to retain important optical properties from the 
ceramic such as translucency. Another advantage of using leucite as a filler is that the material 
etches faster than the base glass, which creates physical features that allow an improved 
micromechanical retention that will aid in future bonding.   
As mentioned above fillers are added to make porcelains that are thermally compatible with 
the dental alloy that will be used as substructure, but they are also able to increase strength of 
the material through uniformly dispersed fillers. Characteristic known as dispersion 
strengthening. McLean added aluminum oxide 55 mass% to increase the strength of the 
ceramic. Leucite can achieve the same result if the filler used is increased to 40 - 55%mass.  
(13) 
Other than the mechanical action of adding filler to the base glass, the same results can be 
achieved by a chemical process. This method consists of heating a previously formed object, 
causing the growth of new crystals inside the glass. This type of ceramic receives the name 
glass-ceramics. The first commercial glass ceramic for dental purposes was produced by 
Dentsply and named DICOR its filler particles consisted of crystalline mica (55% vol). This 
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lead to the production of an improved glass ceramic that contained 70% vol of crystalline 
lithium disilicate filler produced by Ivoclar now commercialized as e.max Press and e.max 
CAD. 
2.2.3 Polycrystalline ceramics 
 
 Polycrystalline ceramics are much stronger and opaque in comparison to glassy ceramics. 
They have no glassy components in them and their particles are densely packed which makes 
them more difficult to crack. Because of their molecular structure this material is harder to 
develop into specific forms. Polycrystalline ceramics shrink 30% by volume when sintering. In 
order to overcome a misfit of the restorations the shrinkage needs to be calculated and 
compensated. Advances in technology from the late 1980’s to the 1990’s headed to the 
development of computer software that aided in the manufacturing of restorations from this type 
of material. The 3-D data set used can accurately predict specific shrinkage for each ceramic 
used. 
Fabrication methods for polycrystalline ceramics with the aid of computers can be made by 
milling an enlarged die where the ceramic powder will be packed (Procera) or can mill partially 
fired ceramic blocks into an oversized part for firing and achieving the net shape (Cercon).  
The higher strength of the material compromises its optical properties. These ceramics are 
used mainly as substructure materials and subsequently layered with glassy ceramics to attain 
higher esthetic results. It is important to note that even though these materials are considered 
more opaque than glassy ceramics, they still allow the light to transmit through them. This is an 
important effect that other materials (metal) used as substructure does not possess. 
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Zirconium oxide has a specific characteristic that separates this material from all the other 
polycrystalline ceramics called transformation toughening. This optimal mechanical property 
can be described as a transformation that decreases the local stress intensity. Zirconia is a 
polymorphic material and can present itself in three structures: monoclinic, tetragonal or cubic. 
At room temperature zirconia is presented in its monoclinic state with an accompanied 4.4% 
volume expansion. Small amounts of Yttrium-oxide (Y2O3 3%mol) is added to stabilize the 
tetragonal phase at room temperature. However, there is still trapped energy that can return the 
material into its monoclinic form. A tensile stress in a crack will cause the zirconia to return to 
its monoclinic phase (with its respective expansion). The returning volume increase creates 
compressive stresses that stabilizes the external tensile stress. This phenomenon only retards the 
propagation of the crack, however it does not prevent the progression of it if higher stresses are 
applied. 
Ceramics in dentistry have evolved from highly esthetic but weak materials, such as filled 
glass materials derived from feldspathic minerals to materials with an increase filler 
concentration to optimize their strength properties. The higher the content of polycrystalline 
components, the higher strength and toughness of the ceramic. The structure of the crystals has 
a direct effect on the optical properties of the material. For the materials with crystals that are 
densely packed, they rely mainly on characterization with stains and glazes to enhance their 
optical properties. (14) 
 
2.3 Ceramics used in this study 
 
Feldspathic Porcelain Vita M13 - VITA Zahnfabrik - Leucite glass ceramic 
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This high esthetic feldspar ceramic is available in powder and classified for use with metal-
ceramic systems (veneering on the metal alloy). They are considered part of the aluminosilicate 
glass family. The main component is potash and albite feldspar materials with a leucite content 
of 17% - 25%. The CTE of this material is adaptable to the value of metal alloys (firing 
temperature 880°C). According to the manufacturer’s instructions, their low solubility ensures 
high resistance in the oral environment and a prolonged period of wearing. (15) 
IPS e.maxCAD – Ivoclar Vivodent - Lithium disilicate glass ceramic. 
The evolution of lithium disilicate has come a long way since first introduced as a heat press 
ceramic in 1998 (Empress 2). Its formulation was improved and an optimized version was re-
introduced under the name IPS E.max (Ivoclar Vivadent Inc). Classified as special silicate glass, 
this material is considered a structural ceramic with low glass content (70% lithium disilicate 
filler). (16) 
This material is still available in pressable version, and they introduced a partially 
crystallized block for CAD/CAM design (IPS e.max CAD). Unlike the first lithium disilicate 
introduced to the market, this material is able to provide monolithic restorations. The possibility 
of providing a fairly high strength (> 360 MPa) translucent material has been the reason why 
this system continues to be one of the most popular in terms of use. (11) The CAD/CAM blocks 
are available in four translucency levels (MO,LT,MT,HT) all in a crystalline intermediate stage. 
The blue-ish grey color is a result of the microstructure of the glass-ceramic. The crystallization 
process leads to a change in this structure where the lithium disilicate crystals grow (0.2%). 
This is compensated in the digital software and taken into consideration when milling. For this 
study, E.max CAD HT/ B1 was used. According to the manufacturers, the translucency of this 




Stabilized Zirconia – Noritake - Polycrystalline ceramic 
Alloying zirconia with oxides such as Yttrium stabilizes the material. In other words, it 
allows that material to control the stresses induced from the tetragonal to the monoclinic 
transformation by retaining the tetragonal structure. (18) From a clinical stand point, stabilizing 
the zirconia arrests crack propagation that may lead to catastrophic failure. Partially stabilized 
zirconia was introduced into dentistry in 1990, however the tetragonal grains are still unstable 
and can transform into their monoclinic form. It has been documented that the grain size of the 
particles and the yttria content highly affect the mechanical properties if the material. (19) 
Partially stabilized zirconia had improved esthetic properties through the years by reducing the 
amount of aluminum oxide grains and re-arranged them at the boundaries of the zirconia grains. 
This restructure has significantly improved the material translucency. For this study, 3mol% 
Yttria-stabilized tetragonal polycriztal ziconia (3Y-PTZ)  - Katana Zirconia HT (High 
Translucency) was used. This zirconia formulation uses less than 15% of cubic phase, which 
means that still has a significant amount of the tetragonal form. Zirconia’s tetragonal phase is 
what makes the material respond to a forming crack by transformation toughening. However the 
main disadvantage of this zirconia is its opacity, which is attributable to the presence of 
alumina. The manufacturers have available pre-sintered discs in 98.5mm diameter, with 
different thicknesses designed for all milling systems that use a generic type disc. In order to 
further improve the optical properties of the material, in 2015 a new zirconia was introduced. 
This fully stabilized zirconia, or as third generation zirconia, is a mix of tetragonal and cubic 
structure where the content of yttrium oxide is increased to 9.3% or more and the cubic phase 
makes up to 53%. Since the cubic structure consists of a higher volume, the light interactions 
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are distributed more evenly result in a more translucent material.  For this study, Katana 
Zirconia UTML (Ultra-Translucent Multilayered) was used as the “fully stabilized zirconia”. 
This particular brand formulation is known to have 5mol% Yttria – partially stabilized zirconia 
(5Y-PSZ) with a cubic content of more than 50%. A pre-sintered zirconia disc 98.5 mm in 
diameter designed for all milling systems that use a generic type disc is available in different 
thicknesses. It is important to mention that even though this material has improved its optical 
properties, there is a decrease in the flexural strength. (20) The flexural strength of FSZ is 
approximately half of that reported for PSZ (according to manufacturer’s instructions).   
2.4 Ceramic Stains 
 
Even though ceramics in dentistry have significantly advanced and improved their esthetic 
properties, there is frequently still a need for additional characterization in order to mimic the 
natural dentition as closely as possible. Different methods to add characterization currently 
exist. Ceramic stains play a key role to achieve a natural look. The act of staining can be further 
categorized as intrinsic staining, extrinsic staining or both.  
Stains applied to dental ceramics mainly consist of pigments contained crystals of mixed 
oxides, such as silicates, spinels and zircon oxides. (4) These metal oxides are added to the glass 
in order to provide color. The glass is then heated to a high temperature and sintered. The result 
is a highly color saturated glass that is ground into fine powder. The stains used must be 
thermally and chemically stable at high temperatures; they should resist chemical agents such as 
acids and should not make any gas that would produce bubbles in the glaze. 
Some metal oxides are the following: chromium-tin or chromium-aluminum, indium, iron, 
platinum and cobalt salts. Different colors such as pink, yellow, blue, green and grey pigments 
can be made from these metal oxides and salts. 
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The clinician chooses the combination and method based on the desired outcome and clinical 
presentation. Different ceramic systems offer different methods to stain and glaze. Stains may 
be applied by themselves and then glazed, in combination with the glaze, or the glaze and then 
the stain. It is common practice to stain restorations chairside prior to delivery. The longevity of 
this corrective layer that is applied to the external surface of the ceramic has not been 
established clearly. A study made by Anil and Bolay determined the effect mechanic 
abrasiveness wearing the external stain and concluded that to ensure durable color appearance, 




Color is a particular phenomenon that is difficult to understand, and more frequently related 
to art. There is no true definition, since its science relies on different aspects. It is known that 
humans perceive color based on the light reflected off objects. (22,23) However in dentistry 
achieving a color match is often a difficult quest. The first published attempts to describe color 
was made by Munsell’s color scale in 1905. Around the same time the Commission 
International de l’Eclairage published the first standards for color matching. To further establish 
some scientific parameters and aid the dentist in the complexity art of color matching a series of 
articles were published by Sproull. In these articles, he described the poor application of shade 
guides used to match teeth at the time. (24) 
 
2.5.2 Munsell  
 
The Munsell Color Order Sytem is one of the most commonly used in dentistry. This system 
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revolves around 3 main aspects: Chroma, Hue and Value. It described as a three-dimensional 
sphere that has a central axis with white at the top and descends until it reaches black (Value). 
Different colors (Hue) are arranged around the central axis and within them they are arranged in 
scales according to their light or darkness and strength (Chroma). The lighter colors are 
presented at the top of the cylinder. To further specify the dimensions of color Sproull explains 
that Hue is “the quality by which we distinguish one color family from another”. Each hue is 
subdivided into ten and equally spaced visually. Value “is that quality by which we distinguish 
a light color from a dark color”. This is related to the colorless central axis that goes through the 
sphere, where a light color is referred to have a high value and a dark color a low value.  Finally 
Chroma “is that quality by which we distinguish a strong color from a weak one”. This system 
was designed to internationally organize color, where Hue was expressed with an initial and 
Value and Chroma with a number (H V/C). The Munsell system is the standard to which all 




The Commission International de l’Eclairage  or International Commission of Illumination 
(CIE) explains the conversion of spectrophometric measurements to three color parameters. 
This requires knowledge from the spectrum of light from the illuminant, the spectrum reflected 
or transmitted by the material and the capability of the human observer to recognize the three 
spectral observation characteristics (hue, value and chroma). Developed on 1931 as the 





When the CIE developed CIElab* in 1976 and 1978, it was the first time a system expressed 
color by numbers and calculated color differences in a way that corresponded to visual 
perception. The color is expressed by three coordinates (L*, a* and b*). L* value is the amount 
of lightness, a* value is the amount of red and green and b* value is the amount of yellow and 
blue. (25) The following is the CIELab* formula used to calculate color differences:  
ΔEab = [(L1 – L2)
2 
+ (a1 – a2)
2 





2.5.4 CIEDE 2000 
 
A new formula was introduced by the CIE on 2004 to improve the correlation between 
visually perceived differences and calculated differences. The specifications were upgraded in 
order to introduce new weighing function and parametric factors. This allows to measure 
chroma, hue and value at the same time as differences in texture, background, separations.  
E00 = {[ L
′/(kLSL)]
2 + [ C′/(kCSC)]
2 + [ H′/(kHSH)]
2 +RT[ C




Several authors have reported the ΔE00 formula was a better indicator of color differences. 
However the literature still uses ΔEab formula because its familiar to use and easier to compare 
with other studied in the literature. It is important to note that the transformation of ΔEab into 
ΔE00 can be easily achieved with arithmetic. Future research should aim to use the improved 
ΔE00 formula. (26) 
 




The ΔE value is the measure of the total color difference between two objects. (27) 
Establishment of clinical parameters that have visual significance is much needed in order to 
practically apply this technology that quantifies color in a clinical setting. Concepts that aid in 
understanding the color difference that is visually detectable is known as perceptibility 
tolerance, and the magnitude that constitutes an unacceptable alteration to dental esthetics 
known as acceptability tolerance (described by Douglas et al) (28).  However, it is important to 
note that the ability to identify color differences varies between individuals since it is a 
combination of the individual characteristics of the eye and the skill of the operator. Color 
difference that can be noted by 50% of the observers corresponds to 50:50% perceptibility 
thresholds. The same concept applies to 50:50% acceptability threshold, where the difference of 
color is acceptable for 50% of the observers. (25) 
Vichi et al proposed that an “ΔE value” < 1 unit is considered not identifiable by the human 
eye, “ΔE value” >1 - < 3.3 units are considered appreciable by skill operator and clinically 
acceptable, finally an “ΔE value” >3.3 units are detectable by patients. (29)    
Douglas et al reported the first in vivo study where they concluded perceptibility values were 
2.6 units, in comparison to acceptability values of 5.5 units, proving that perceptibility 
tolerances are less than acceptability tolerances for shade matching on denture teeth. (11) 
Kohnstin and Kao (1988) assessed that there is difficulty controlling light in the oral cavity, 
and therefore described an average difference up to 3.7 ΔE value units to be considered 
acceptable. An extended visual rating scale to better understand the clinical significance of the 





Table 1: Extended visual rating scale (EVRSAM) – Volpato (28) 
 
As reported before, there is a significant amount of literature that exist on perceptibility and 
acceptability thresholds in dentistry with the use of the CIElab color difference formula, while a 
limited number of studies use CIEDE2000. Ghinea et al used both formulas ΔEab and ΔE00 to 
report differences between perceptibility and acceptability thresholds in dental ceramics. They 
found different values reported based on the formula used, concluding that CIEDE2000 formula 
provided a better evaluation of color difference thresholds in dental ceramics. (30) 
Paravina stressed the importance of visual color difference thresholds for quality control 
purposes and as a possible guide in rationale for material selection. He settled that the 
thresholds differ based on the formula used. The CIELab 50:50% perceptibility tolerance in 
dentistry was reported ΔEab (1.2) and 50:50% acceptability tolerance ΔEab (2.7). CIEDE2000 
50:50% perceptibility tolerance reported ΔE00 (0.8) and acceptability tolerance ΔE00 (1.8). (25) 
Even though “ΔE value” has aid in the science of measuring color, continuing efforts to 
standardize and predict color matching are still being researched on, today it remains a difficult 
task to universally agree in an accepted measure unit for clinical acceptable differences. (11) 
 The CIE recommends as standard illuminants incandescent lamplight and daylight, correlated 
with 6500 k temperature. Although, in order to achieve a natural shade match, the clinician 
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needs to understand the color of porcelain restorations is also heavily influenced by the 



















Light passing through granular, fibrous or rough surface matter is 
redirected throughout a range of angles 
OPACITY Property of material to hide what is behind it 
TRANSPARENCY 
Property of a material by which a negligible portion of the transmitted 
light undergoes scattering 
TRANSLUCENCY 
Property of a material by which a m major portion of the transmitted light 
undergoes scattering 







Process by which a material appears yellow and red in transmitted 
light and blue in the scattered light perpendicular to the transmitted 
light 
FLUORESCENCE 
Process by which electromagnetic radiation of one spectral regions 
is absorbed and irradiated at other usually longer wavelength 
METAMERISM 
Phenomenon where color of the specimen’s match when 
illuminated by light of one spectral composition despite differences 
in spectral reflectance of the specimens, and that consequently ma 
not match in light of some other spectral composition 
GLOSS 
Property of a surface which involves specular reflection and is 
responsible for mirror appearance 
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The difficulty of color reproducibility relies on duplicating the nature of the tooth color: a 
combination of light reflected from the dentin through the outer translucent enamel. The tooth 
texture, surrounding gingiva and illuminating light affect the color produced. (27)  The success 
in accurate color assessment depends on the person in charge of shade selection. As mentioned 
before, perceptibility tolerances are low and the perception of color varies between individuals 
and even in the same individual over time. Because different results are expected and clinically 
acceptable differences are hard to measure, the use of measuring devices has been utilized to 
obtain an objective color dimension. (25) 
 
2.7 Measurement Devices 
 
Traditionally the visual method is the most commonly used in clinical shade matching 
procedures. Shade tabs were first introduced in 1956 by Vita Zahnfabrik and intended to be 
used for shade selection of ceramic restorations. This shade guide’s visual parameters continue 
to be widely accepted and adopted. The Vitapan Classical consists of 16 shade tabs arranged 
into four families of different hue (A-D). Each family has a number that identifies lightness and 
chroma. A low number has a high light and low chroma.  Even though this system continues to 
be popular among clinicians it still lacks an adequate color distribution as the CIELab* 
specifies. In order to overcome a subjective color selection, the Vitapan 3D-Master guide was 
introduced in the 1990’s. This was the first guide based on a principle where the 3 dimensions 
of color (value, hue and chroma) are considered equally. This system consists of 29 tabs that are 
divided in groups of 2 or 3 and divided into 6 families (0 – 5). The numbers express the value, 
and remains constant within family. A basic hue is expressed in letter M, slight yellow (L) and 
red (R) variations are available. Each shade tab has a standardized color difference of 5 ΔE 
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units. The system starts by selecting the value which is important because this is the parameter 
that is easiest recognized by the eye. Even though this system has greatly improved the 
systematic sequence of shade selection, it has still not been universally adopted. In order to 
simplify the process a new arrangement has been introduced: Linear guide 3D-Master. (11) 
Color selection with the visual technique has been continually demonstrated to be inaccurate. 
The human eye is only capable of detecting small color differences and most of the time are 
inadequate due to many aspects. The ability to perceive color is different from one individual to 
another and even in the same individual with time. Factors such as fatigue, age, stress, light 
exposure and metamerism may affect shade selection. Communicating the color differences in 
terms of magnitude and the nature of the difference is very limited (Knipsel 1991). (31) 
The most important consideration when utilizing a visual system is the inability to simulate 
the clinical condition. The thickness of the shade tabs, the material substructure such as metal or 
plastic, the degree of translucency on the incisal third, the saturation on the cervical third and 
other factors are important to take into consideration to avoid errors when selecting a shade.  
Instruments have been developed to minimize subjective visual perception and simplify the 
shade selection process. These devices are mainly classified into colorimeters and 
spectrophotometers. The colorimeter measures color in a three axis by using a simulating eye 
filter, they do not register spectral reflectance. The spectrophotometer measures color by 
reflection or transmission of the observed object, being able to record the spectral curve only 
available to the visible frequency range (350 – 800nm). The measurement analyzes the principal 
components of the spectra and converts the information to various color measuring systems.  
They are considered the most accurate and useful instrument for color matching in dentistry. A 
spectrophotometer consists of a source of optical radiation, a dispersing light, an optical 
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measuring system, a detector and a means of converting the light obtained to a signal that can be 
analyzed. (31)  
Compared to the human eye, spectrophotometer may offer a 33% increase in accuracy and a 
more objective matched in 93.3% of cases. (25)  
The hope to have a scientific basis to a clinical procedure that has always been considered an art 
form represents one of the greatest challenges in modern dentistry. (11) 
 
2.8 Color Stability 
 
Color stability may be dependent on the ceramic system used. Every ceramic’s physical 
properties differ and are dependent on several factors. In a clinical setting the dictating factor is 
the color of the substrate, which indicates the amount of ceramic thickness needed to achieve 
the final color. This will further determine the amount of restorative space needed to achieve an 
acceptable outcome. The thicker the material, the less translucent it will be.   
Material composition and its manufacturing process are directly responsible for the optical 
characteristic of the restoration. Based on each individual clinical presentation the rationale for 
material selection will change. When selecting the material of choice, selecting its 
manufacturing process also affects the esthetic outcome. Industrially manufactured ceramics are 
less porous than handmade ceramics. Porosity of the ceramic is inversely proportions to its 
color stability. (4) 
Even though ceramics have revolutionized esthetic dentistry with all the different systems 
available are commonly used, it is still hard to predict the life of extrinsic stains when subjected 
to the oral cavity’s aggressive environment.  
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A change in the aspect of ceramic restorations may be expected from their initial placement. 
The removal of a thin layer of color-corrective porcelains stains by toothbrush abrasion may be 
a contributing factor. (3)The characterization of ceramic restorations depends on the material 
and manufacturer process. Traditionally, feldspathic ceramic stains can be applied in layers and 
in the most outer surface. Lithium disilicate stains may be applied in the pre-crystallizing phase 
or on the external surface of the crystallized material. Zirconia can be stained internally stained 
while in the pre-sintered stage or post sintering. All of these ceramic systems have in common 
the ability of incorporating external stains to their most outer surface. In a clinical setting this 
feature has the advantage of correcting color in a relatively fast way, without the need of 
returning the restoration to the laboratory technician and an additional visit. However, the layer 
of stain applied is directly exposed to the oral environment and any mechanical factor involved. 
The life of an extrinsic stain should be contemplated as a main factor in maintaining color 
stability, but has been unsuccessfully studied in the literature. Because of the multiple factors 
that affect the life –span of extrinsic stains, the need to research this area has been proposed. 
 
A study by Akers investigated the effect of tooth brushing abrasion on externally stained 
porcelain and if different ways of applying the stain made it more resistant to others. They 
concluded that a normal toothbrush with toothpaste has the ability to remove the entire stain 
used in porcelain fused to metal restorations in a time frame of 10 to 12 years. They determined 
that when glaze is applied it take the double the time to wear the stain away. (32) In another 
study by Bativala et al. they concluded that the extrinsic layer of stain may stay in place for 8.5 
and 11.4 years of brushing, however the surface will have roughened significantly, which 
naturally will affect color stability of the restoration. (4) 
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Anil and Bolay studied the effect of tooth brushing in relationship to material loss and 
roughness of internally and externally stained feldspathic porcelain, and its effect on color 
change and appearance. (32) This study concluded that the stain longevity in extrinsic stained 
porcelain was affected by thickness. The authors recommend to stain the restoration as deep as 
possible to endure color stability that persists.  
It is not only crucial to understand the phenomenon of color for clinical success, but also 
variables in the oral cavity such as tooth brushing effects, for accurate management of a 
patient’s expectations. This is an important tool that will guide the clinician to inform the 
patient what the life-time of the appearance of the restoration is, and more significantly the 
importance of quality control. 
 
2.9 Ceramic Abrasion 
 
The Glossary of Prosthodontic Terms in its latest ninth edition defines abrasion as: the wear 
away of a substance or structure through some unusual or abnormal mechanical process or an 
abnormal wearing away of the tooth substance by causes other than mastication. Ceramic 
abrasion has been reported in the literature when the material is subjected to different opposing 
surfaces such as enamel. Variables such as the microstructure of the ceramic crystals and the 
presence of glaze will determine the characteristics of the wear patterns.(33) Little literature has 
documented erosion effects by the presence of intrinsic/extrinsic acids in dental ceramics. 
Further research is required for more accurate clinical recommendations.   
From the clinical stand point, as soon as a patient is finished with their restorative treatment, 
there is no standard of care that specifies the method of cleaning the different types of materials 
used in dental prosthesis. Naturally, a patient will continue their dental care at home as they 
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have done in the past. There is a need for individualized at home care maintenance protocol 
after ceramic restorations are inserted. Maintenance protocols should be encouraged based on 
the current periodontal condition, the status of the rest of dentition or prosthesis present and the 
materials used to restore.  
Currently there are many types of toothpaste available for oral hygiene. However, there is a 
lack of consistent guidelines that aids patients when selecting their at-home oral care products. 
The choice of a certain toothbrush and toothpaste may have significant effects on the teeth 
surfaces but probably more significantly on ceramic materials used to restore teeth or missing 
dentition.  
3 Toothbrush and Toothpaste 
 
In order to maintain oral health and prevent disease, daily tooth brushing with a fluoride 
toothpaste has been implemented as the most important and cost effective method. 
Toothbrushes have been used for hundreds of years and so, their design and shape has been in 
constant change. With time design features have improved to provide maximum comfort to the 
soft tissues at the same time they remove plaque in an effective manner. The life-span of a 
toothbrush varies because of independent habits such as frequency, duration, force and 
technique. (34) 
Toothpaste has been shown to help with halitosis, fluoride recharge and others. Several 
ingredients are built in the toothpaste. These ingredients may cause the toothpaste to have 
certain abrasiveness. Since Miller’s studies on 1907, there has been literature documentation of 
the abrasive properties of toothpaste on teeth. Toothpastes will differ depending on various 
factors such as the particle size, consistency, quantity and others. Toothpaste recommendations 
dated back to 1970’s by the Council on Dental Therapeutics pointed that the abrasiveness of the 
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toothpaste should be just enough to remove superficial plaque and stains. As health providers 
the toothpaste recommended should function to aid in plaque removal but not be harmful to the 
patient’s tissues or prosthesis. (34) 
Kinoshita et al evaluated the relationship between the toothpaste and the wear of acrylic resin 
and natural teeth. They also studied the effects of different toothbrush bristles hardness and 
natural teeth wear.  With the aid of a tooth brushing machine, natural teeth were brushed 3,000 
times with horizontal movements with a 600g load for two hours with and without toothpaste. 
The surfaces of the specimens were analyzed with a surface analyzer and scanning electron 
microscopy (before and after). They concluded that toothbrush filament diameter was not 
abrasive to the tooth structure. It was concluded from this study that toothbrush bristles by 
themselves do not wear natural teeth structure. On the contrary, when samples were brushed 
with toothpaste wear patterns were identified on both materials studied. (35) 
Brushing technique and abrasion relationship has not been reported. However according to 
Arai and Kinoshita, they determined that the best brushing technique was the horizontal and 
Fones technique. Their study compares six tooth brushing methods with different kinds of 
toothbrushes (manual and electric). They concluded that manual toothbrushes have almost the 
same performance as electric toothbrushes in removing plaque.(36) Based on the literature 
reported, for this project a soft, straight #35 Oral B tooth brush was used under horizontal 
strokes.  
3.2 Toothbrush Load 
 
To efficiently remove plaque, a toothbrush is used with the objective of mechanically remove 
debris. There are two main factors that influence the effectiveness of tooth brushing: the amount 
of force applied and the duration of the force.(37) Several studies have reported that the force of 
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a manual toothbrush is higher (1.6 ± 0.3 N) than the electric toothbrushes. In a study made by 
Van der Weijden et al they recorded a mean brushing force of 330 to 400g. (36) Another study 
determined that it duration of the brushing is more important than the applied force. McCraken 
concluded that a 2-minute brushing time, the effect upon plaque removal of increasing brushing 
force above 150 g was insignificant. (38) 
 
3.3 Toothpaste RDA 
  
Dental toothpaste may contain insoluble abrasive components such as silica, calcium 
carbonate, aluminum oxide, perlite, pumice and others. (39) The toothpaste’s components are 
responsible of how potentially abrasive they can be.  Other aspects such as particle size and 
quantity are important. To quantify how abrasive a toothpaste can be, a standardized scale 
called the relative dentin abrasivity (RDA) has been developed. This scale identifies a specific 
abrasivity value per toothpaste. According to the American Dental Association the limit for a 
safe toothpaste use in oral health care should allow for a maximum of 250 RDA.  The ADA 
recommends brushing with a toothpaste of less than 150 RDA 2 minutes, 2 times a day. 
 
3.4  Charcoal Effect 
 
More recently, attention has turned to toothpastes that claim to whiten the teeth with their 
continuous used. It is important to understand that many of this whitening-claimed toothpastes 
have components in their ingredients that are of higher abrasiveness in nature. To measure the 
abrasiveness of a toothpaste different methods have been described: quantitative methods (RDA 
scale, weigh and volume loss techniques) and qualitative methods (profilometer and light 
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reflection techniques that measure the roughness of the abraded material). Most of the 
whitening toothpastes that are commercially available range between 150 – 250 RDA values. 
Even though the ADA has specified the limit of clinical safety of each toothpaste to an RDA 
<250, it is important to remember that this studies are done over the strongest surface of our 
bodies, the enamel. Different results have been obtained in dentin, acrylic and ceramics. 
 Charcoal products have been on the beauty industry and gaining popularity. Even though their 
first dental use can be dated back to Hippocrates (Greece), there is limited information that has 
been published on commercially available charcoal products. In an attempt to make a systematic 
review, Brooks et al revised 118 articles for clinical studies, lab investigations on the bioactivity 
or toxicity of charcoal-based toothpastes published through Feb 2017. (39) None met the 
inclusion criteria, but a comprehensive literature review of charcoal as an oral cleanser was 
made. From the 13 studies selected, only 6 reported clinical observations: were 2 had non-
specific caries reduction, 3 had harmful effect and in one no adverse effects were reported. The 
7 additional studies reported the use of charcoal for hygiene, however they had no clinical 
comparisons of effectiveness with other oral health hygiene methods. 
 In the same article a review of the current most popular charcoal products was done in 
Google.com and Amazon.com. Fifty products were reviewed, from which just 39% listed the 
ingredients, only 8% contained fluoride, 96% made their cosmetic claim for tooth whitening 
purposes, 88% advertised with consumer appealing terms such as: eco-friendly (organic, 
natural, herbal, organic). 50% of the products advertised therapeutic claims: 46% as 
detoxifying, 44% antibacterial or antiseptic, 6% antifungal and 30% as re-mineralizing, 
fortifying or strengthening teeth. Interestingly 28% claimed to be of low abrasiveness or gentle 
to the enamel, however only 1 of these products indicated the RDA. None of the 28% had the 
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ADA seal. From the products reviewed, 10% offered professional endorsement as “dentist 
approved” however none of these products contained fluoride. Brooks et al concluded that there 
is still insufficient evidence to validate the health benefits of charcoal based toothpastes.  
There is a need for controlled clinical trials and laboratory investigations of these types of 
products. In particular, the products that also contain bentonite clay that has been associated 
with malignancies. The potential risks of using these products include the risk of developing 
caries if the toothpaste is not fluoridated. All the clinical studies reviewed lacked adequate 
control to measure clinical improvement nor included radiographic or clinical measurement 
such as probing depths and plaque scores. (3) 
 
There are no studies that investigate the behavior of extrinsic stains when subjected to 
charcoal based components. Currently, there is no study that looks at zirconia’s stain and glaze 












4. Available Studies 
  
Studies that have shown a relationship between toothbrush wear and abrasion are listed:   
 
1. Aker (1980) (32) 
a. Brush strokes: 16,000/ hr (twice a day for 1 year) 
b. Toothbrush: Pycopay (Block Drug Co.) 
c. Replacement: brushes and slurry every 15 hrs 
d. Slurry: Colgate and distilled water 1:1 
e. Load: 450g 
2. Bativala (1987) (4) 
a. Brush strokes: 120,000 (8.5 yrs) 
b. Toothbrush: soft nylon multitufted (Buttler) 
c. Replacement: every 20,000 brush strokes 
d. Slurry: Crest and distilled water 1:1 
e. Load: 250g 
3. Anil and Bolay (2002) (40) 
a. Brush strokes: 120,000 (8.5 yrs) 
b. Toothbrush: hard nylon multitufted (Banat Dental) 
c. Replacement: every 20,000 brush strokes 
d. Slurry:75g toothpaste / 75g synthetic saliva 1:1 
e. Load: 600g 
4. Wataha (2008) (41) 
a. Brush strokes: 48hrs at 90 strokes/min (twice a day/ 2 yrs) 
b. Toothbrush: soft straight Oral B #35 
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c. Replacement: - 
d. Slurry: 1 g Colgate to 10ml of phosphate buffer saline 
e. Load: 200g 
5. Faria (2012) (6) 
a. Brush strokes: 260,000 
b. Toothbrush: Oral B indicator (soft bristle) 
c. Replacement: every 20,000 brush strokes 
d. Slurry: toothpaste to deionized water 1:1 
e. Load: 250g 
6. Garza (2015) (6) 
a. Brush strokes: 288 hours at 90 strokes/min 
b. Toothbrush: soft straight Oral B #35 
c. Replacement: every 48,000 brush strokes 
d. Slurry: Colgate and distilled water 1:1 
e. Load: 200g 
 
There were no studies found in the literature that evaluated toothbrush abrasion on 
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Since their introduction into the dental field, ceramic materials have been considered the 
basis of esthetic dentistry. Initially used more than a hundred years ago for denture teeth and 
subsequently in combination with a metal substructure predominantly for anterior restorations, 
we have seen these materials slowly continue to improve their characteristics.(1) Their increase 
in strength, esthetics and methods of fabrication, have resulted in a growing demand for 
material selection in dental restorations.  Ceramics have been well documented for their 
biocompatibility, adequate transmission of light and exhibition of good mechanical strength 
when subjected to masticatory forces. (2-5) Today ceramic materials are used to properly 
restore form, function and esthetics in the treatment of both posterior and anterior areas. (6) It is 
imperative to understand that even though these materials can successfully mimic dental 
structure, when subjected to variables in the oral cavity color stability may be affected.(7-9) 
The implementation of modern technology allows the ability to fabricate restorations from a 
machine (CAD/CAM) and provides the elimination of clinical steps (2-4,10). However, this 
process reduces the variables inherent to the artistic work and relies on external staining through 
metal-oxide stains with the application of glazes to aid
in the characterization of the restorations.  Many of these techniques lack long term evidence 
based literature to support their color stability while in function. (11,12,16)
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Currently, no data exists on the longevity and color stability of stains used in monolithic 
zirconia restorations and/or how abrasion (tooth brushing) affects the long term esthetic 
appearance of the restorations.  
A change in color stability of the restoration may affect the value of the quality of the 
service to the patient.  There is a need to establish visual color difference thresholds for each 
ceramic material for the purpose of assisting the clinician evaluating clinical performance and 
predictability. Quality control in dentistry is only emphasized if esthetic demands are not only 
increasing for patients but also for dental professionals. (9) 
Currently there are no studies that have examined the effects of tooth brushing on zirconia 
restorations The overall objective of this study is to evaluate and compare the color stability, 
gloss retention and durability of ceramic stains and glazes under stimulated clinical conditions 
and to compare differences in color stability and gloss retention between ceramic materials. 
The null hypotheses were: 
• Null Hypothesis 1: There will be no changes observed in color stability and gloss 
retention on all ceramic materials after 0.5,1,3 and 5 years of simulated tooth brushing when 
compared with baseline measurements. 
• Null Hypothesis 2: Toothpaste abrasiveness will not be a contributing factor on color 
stability or gloss retention measurements after 0.5,1,3 and 5 years of simulated tooth brushing 
when compared with baseline measurements. 
2. Materials and Methods: 
 
Four different ceramic materials were evaluated for color stability and gloss retention.  
Monolithic Partially Stabilized Zirconia (PSZ), Monolithic Zirconia Fully Stabilized (FSZ), 
Monolithic Lithium Disilicate and Feldspathic porcelain. A number of 12 squared specimens 
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were fabricated per ceramic material. Specimen dimensions were 10 x 10mm of diameter and 








Table 4: : Materials used in the study 
 
 
Material Shape Diameter Height Quantity 
PSZ (HT) square  10 x 10mm 1.2 mm 12 
FSZ (UTML) square 10 x 10 mm 1.2 mm 12 
Lithium Disilicate square 10 x 10 mm 1.2 mm 12 
Feldspathic 
Porcelain 
square 10 x 10 mm  1.2 mm 12 




1. Zirconia: Katana HT and UTML (Noritake) blocks were used. Both materials were 
fabricated in the same manner. Using a digital software, (Autodesk Fusion 360) a square was 














Noritake CAM B1 
Lithium Disilicate E.max 
HT 
Ivoclar CAM B1 
Feldspathic 
Porcelain 
M13  Vita  Refractory Die B1 
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designed with the desired dimensions (10 x 10mm d / 1.5mm h). The digital file was sent to a 
milling system (Wieland Dental) 
 
 
Figure 1: Digital design of dimensions for zirconia sample fabrication 
 
The milling system made software calculations for each specific zirconia to mill the necessary 
size to make up for sintering shrinkage. Once the material was milled they were carefully 
trimmed from the remaining sprues and polished with diamond slow-speed lab burs. The 
specimens were sintered according to manufacturer’s instructions, PSZ (1500°C) and FSZ 
(1550°C) and respective hold time.  
2. Lithium Disilicate: Monolithic partially-crystallized blocks were measured by hand and 
marked to allow sectioning of the material. The cuts were made with an IsoMet 1000 (Buehler) 




3. Feldspathic Porcelain: VM 13 shade B1 porcelain was stacked on a Smile Line metal 
shade tab conformer. Powder was applied by brush, condensed and removed, placed on a firing 
tray, and baked according to manufacturer’s instructions.  
 
After all specimens were sintered and / or crystallized, the specimens were measured, 
flattened and ground down to 1.2mm using a carbide paper. The thickness was evaluated with a 
digital caliper. All specimens were then stained and glazed according to manufacturer’s 
instructions. 
 
The simulated clinical conditions included a  ZM 3.12 Toothbrush Simulator with 12 
chambers (SD Mechatronik GMBH, Germany). Two different RDA toothpastes were used: 
Regular toothpaste (R) - Colgate Total Clean Mint – 72 RDA, and Charcoal toothpaste (C) - 
Crest 3D Whitening Therapy Toothpaste with Charcoal no RDA specified. The color stability 
and gloss retention was examined at baseline, 0.5,1,3 and 5 years of simulated toothbrushing 
with the aid of an ISO standard spectrophotometer (X-rite Ci 7600). 
 
3. Specimens Distribution and Groups Description 
 
Each ceramic material studied had a total of 12 specimens, which were divided into 2 groups: 
Group R was brushed with Colgate Total Clean Mint toothpaste and Group C was brushed with 
Crest 3D Whitening Therapy Toothpaste with Charcoal. Specimens were measured at baseline, 
0.5 year (5000 cycles), 1 year (10,000 cycles), 3 years (30,000 cycles) and 5 years (50,000 




The specimens were stained according to each manufacturer’s instructions material: 
 
• Zirconia: Zerabien Paste and glaze paste, ES liquid (Noritake) 
• Lithium Disilicate: Ivocolor stain and glaze (Ivoclar Vivadent Inc) 












Gloss measurements were made with the aid of a spectrophotometer (X-rite Ci 7600). 





3.2 Color Stability 
 
Color Measurements were made with the aid of a spectrophotometer (X-rite Ci 7600). 
Measurements were acquired at baseline, and after 0.5,1,3, and 5 years of simulated tooth 
brushing. CIEDE2000 formula was used to collect the data analysis. 
 
4. Simulated Tooth brushing 
 
All specimens were conditioned for 1 week at 37°C, and then placed under a simulated 
toothbrushing device (ZM 3.12 Mechatronic, Germany 
 Figure 3: Flow chart of specimen distribution 
 
5. Statistical Analysis  
 
Repeated measures analysis of variance with 1 within specimen factor (cycle) and 2 
between specimen factors (toothpaste and material) was performed using proc mixed with 




All possible pair-wise interactions where included in the initial models, pair-wise 
interactions that were not statistically significant were eliminated from the final model. When 
a statistically interaction was present, a slice option in proc mix was used to assess the pair 
wise interactions focusing in LS means and its estimates of marginal population means. Level 























6.1 Color Stability 
 
Color measurements are summarized on Figure 4. The data obtained showed a general 
trend for color alteration in all ceramic materials used in this study. Color differences were 
found to be more significant with the use of charcoal tooth paste and after 3 years (30,000 
cycles). 





R/V R/E R/HT R/UTML C/V C/E C/HT C/UTML 
Mean Mean Mean Mean Mean  Mean  Mean  Mean  
5,000 0.37 0.39 0.27 0.66 0.51 0.57 0.41 0.55 
10,000 0.56 0.53 0.81 0.9 0.58 0.79 0.61 0.7 
30,000 0.66 0.6 0.94 1.14 0.78 0.92 0.82 0.89 
50,000 0.77 0.69 1 1.43 1.07 1.1 1.44 1.66 




Sample differences between cycle and toothpaste type, revealed that after 5 years (50,000 




Table 7: Differences between Cycle / Toothpaste 
 
As shown in Table 8, sample differences between cycle and material, revealed that after 3 
years (30,000 cycles) (P = 0.0007) and 5 years (50,000 cycles) (P = <.0001) there was 
statistically significant color changes in all ceramic materials: glassy ceramics (feldspathic and 













Based on our study we determined that regardless of the toothpaste used, there was a 
statistically significant difference in color stability in glassy ceramics (feldspathic porcelain and 




Table 9: Differences between Material / Toothpaste 
 
6.2  Gloss Retention  
 
Baseline measurements for gloss are listed in table 10, all initial measurement range between 
98% - 100 %. As observed with color changes, there is a general trend for loss of gloss 











R/V R/E R/HT R/UTML C/V C/E C/HT C/UTML 
Mean Mean Mean Mean Mean  Mean  Mean  Mean  
baseline 98.49 99.61 98.93 98.93 94.44 98.29 98.69 98.16 
5,000 97.77 98.86 97.14 97.21 86.65 92.02 81.41 94.26 
10,000 86.47 95.97 91.69 93.97 68.46 84.07 76.86 75.36 
30,000 81.82 86.88 85.21 89.75 59.28 73.11 70.57 68.71 
50,000 74.63 77.34 79.54 75.81 49.39 61.93 63.76 61.6 
 
Table 10: Gloss Measurements 
 
 
Regardless of the type of ceramic material, there was a statistically significant effect on gloss 




Table 11: Gloss Differences of least square means  
 
 
It is important to remember that in order to apply this technology to a clinical setting, we 
must understand and apply parameters that will aid the clinician for quality control purposes and 
GLOSS Differences of Least Squares Means 
Toothpaste  Cycle Toothpaste  Cycle Mean  St D  P value 
C 0 
R 0 -1.5942 0.8449 0.8274 
C 
0.5 
10.26 1.4471 <.0001 
R -0.35 1.4471 1 
C 
3 
29.4796 1.8011 <.0001 
R 11.4821 1.8011 <.0001 
C 
5 
38.2238 2.286 <.0001 




11.8542 1.4471 <.0001 
R 1.2442 1.4471 0.9979 
C 
3 
31.0737 1.8011 <.0001 
R 13.0762 1.8011 <.0001 
C 
5 
39.8179 2.286 <.0001 
R 22.1621 2.286 <.0001 
C 0.5 
R 0.5 -10.61 1.864 <.0001 
C 
3 
19.2196 2.1504 <.0001 
R 1.2221 2.1504 0.9999 
C 
5 
27.9638 2.5702 <.0001 




29.8296 2.1504 0.0002 
R 11.8321 2.1504 <.0001 
C 
5 
38.5738 2.5702 <.0001 
R 20.9179 2.5702 <.0001 
C 3 
R 3 17.9975 2.4029 <.0001 
C 
5 
8.7442 2.7849 0.2043 




26.7417 2.7849 <.0001 
R 9.0858 2.7849 0.1627 
C 5 R 5 17.6558 3.1205 <.0001 
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as a potential guide for material selection rationale. As described by Paravina, acceptability 
thresholds above 1.8 are not considered acceptable alterations to dental esthetics. Figures 6 to 9 
demonstrate the visual differences between materials and toothpaste groups before and after 
being exposed to the tooth brushing simulator.  
 

















Figure 8: Ceramic samples before brushing (HT, UTML, e.max, VITA) 
 
 











The effect of toothbrushing with two different types of RDA toothpaste over four different 
extrinsically stained and glazed ceramics were evaluated in this in-vitro study. The first null 
hypothesis was that no changes would be observed on color stability and gloss retention after 
toothbrushing simulation. The second null hypothesis was that toothpaste abrasiveness would 
not be a contributing factor on color stability or gloss retention measurements. Based on our 
findings, both null hypotheses were rejected. 
 
Within the limitations from this study, we can evaluate that there is a general trend of loss of 
gloss and color stability over time for all ceramic materials. The measurements for  color 
stability showed a general trend for color change in all the materials. When considering the 
difference between the toothpaste type, the results were statistically significant after 5 years of 
toothbrushing (P =  <.0001). There were statistically significant color changes for all materials 
after 3 years of toothbrushing (P= 0.0007) The results show that color stability on glassy 
samples were more affected than zirconia samples ( P= <.0001). Gloss was noted to be 
meaningfully lost within the first year of toothbrushing with both types of toothpaste.  
 
With the current trend towards monolithic restorations in prosthetic dentistry comes different 
considerations and potential complications. The development of technology that allows the 
possibility of milling from blocks and pucks has increasingly changed the number of products 
available. However the clinician still faces the complex decision of choosing a restorative 
ceramic material for a specific indication. Ceramic materials have significantly improved their 
strength and optical properties through the years, however there seems to be a correlation 
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between loss of translucency as the material’s fracture toughness decreases. With partially 
stabilized zirconia, it is well known that this type of material (no matter their change in 
formulation) has not achieved the optical properties of more translucent (but weaker) ceramics. 
(4). In order to overcome this, monolithic zirconia restorations rely heavily on extrinsic stains 
and glazes for their esthetic appearance. Even though color difference thresholds have been 
successfully applied for research purposes, it is important to understand the clinical implication 
of the color change and acceptability tolerances. Quality control is crucial to ensure 
predictability of treatment. (9) 
 
To the author’s knowledge there are no current studies that evaluate toothbrushing effect on 
zirconia. This factor makes it difficult to compare to previous studies that have evaluated wear 
with different ceramics, mainly feldspathic. Garza et al compared press feldspathic to press 
lithium disilicate and found there were statistically significant differences depending on the 
staining technique after 12 years of simulating toothbrushing. (17) 
 
As ceramic materials continue to evolve there are some compromises that are the clinician’s 
responsibility to communicate to the patient.  
 
The limitations of this study were the following:  
• In vitro study that simulated clinical conditions. (no saliva was present) 
• Perfectly identical samples were not obtained (stain and glaze thickness not uniform) 
• Samples stains were not visually identical 
• Only extrinsic staining and glazing was evaluated.  
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• Only one staining technique used: stain and glaze were applied at the same time  
• Slurry and toothbrush replacement was done every 10,000 cycles which are the equivalent to 
1 year. Current ADA recommendations for toothbrush replacement is 3 to four months or if 
the toothbrush is visibly frayed.  
 
Within the limitations of this study the following conclusions were drawn: 
• Long-term color stability and gloss retention from monolithic zirconia is concerning. 
• Restorations that rely heavily on extrinsic characterization for their enhanced optical 
properties are affected by at home hygiene protocols 
• Caution should be used when choosing material selection for monolithic full arch restorations 
or in the anterior segment. 
• More studies of charcoal based toothpaste are needed to determine product efficacy and 
safety 
• There is a need for a more clear at-home maintenance guidelines depending not only on 
periodontal status and remaining dentition, but also materials used to restore .  
• We need to continuously reinforce patient education to accurately inform and manage 
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